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FOREWORD

Within NASA, the Office of Aeronautics and Space Technology (OAST) has the

responsibility for timely development of needed new technologies. Traditionally, the

development of new concepts, new materials, designs, and engineering techniques for

aeronautics has been accomplished in close cooperation with the aircraft industry and

with the great American universities. On the other hand, NASA, as the primary user of

space flight, has been its own principal customer for new space technologies.

A new era of permanent presence in space is beginning with the Space Station.

This permanent presence will permit and promote commercial ventures and privately

funded research in the tradition of university/industry cooperation.

The RT&E workshop in Williamsburg represents a significant milestone for

NASA and the space engineering community. It marked the initiation of a long-term

program of outreach by NASA to focus the needs of universities, industry, and

government for in-space experiments and to begin building a strong national user

constituency for space research and engineering.

These proceedings represent a "first-cut" planning activity to involve universities,

industry, and other government agencies with NASA to establish structure and content

for a national in-space RT&E program. More interactions are needed - more workshops

will follow. Program adjustments will be made. A truly national program will evolve,

and its beginnings are presented here with the hope and determination needed to make it

a program we can all take pride in.

- Raymond Colladay
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INTRODUCTION

Among the purposes of the Research, Engineering, and Technology Workshop, an

interest in validating the RT&E theme concept has some direct effect_on the form of

these proceedings. The original five themes, which were themselves a target for

validation or recommeded changes, have become seven. During preparations for the

workshop, the submitted papers and attendance plans made it evident that the fifth

"theme', In-space Operations, was too broad, and would need to be split. As the

workshop got underway, a further split occurred, brought about by the different levels

of maturity, and needs for technology planning in several sub-disciplines. Thus, these

proceedings are presented under seven themes. The volume of presentations, and the

quantity of information generated by the individual panel summaries has led to the

decision to prepare the proceedings in several volumes.

The first volume is an executive summary and includes the summary presentations made

by the panel co-chairmen in the final plenary session. The accompanying seven volumes,

of which this is one, each represent a specific "theme', and include the un-edited

original presentation material used in that particular panel workshop. Each of these

separate "theme" volumes also include the Foreword, the general Summary and

Conclusions, and the Chairman's presentation charts and narrative summary. Thus, each

should represent a self-standing volume to reflect the proceedings relevant to its

respective Panel deliberations and output, as well as the reflection in the general

Workshop results.

The seven "themes" and their respective technical disciplines are presented on the

following page for information. These themes will play an important role in

planning the in-space experiments program of the future and, particularly, as it

relates to Space Station utilization.

4



WORKSHOP THEMES

Space Structure (Dynamics & Control)

--A_vanced Structural Concepts

--Structural Dynamics

--Advanced Control Concepts

--Structure/Control Interaction

--Structure/Control Sensors

Fluid Management

--Fuel Storage & Transfer

--Fluid Behavior

--Sensor Concepts

Space Environmental Effects

--Material Durability

--Atomic Oxygen

--Ultraviolet/Vacuum

--Electron/Proton

--Plasma

--Contamination

Energy Systems & Thermal Management

--Advanced Photovoltaics

--Solar Dynamics

--Nuclear

--Advanced Thermal Concepts

Information Systems

--Sensor Systems

--Computer/Data Systems

--Communications Systems

Automation & Robotics

--Mobility

--Dextrous Manipulation

--Supervise/Autonomous Robots

--Advanced Concepts

In-Space Operations

--Advanced Life Support System

--Biomedical Research

--Tethers

--Maintenance and Repair

--Orbital Transfer Vehicle

--System Testing

--Propulsion

--Material Processing

--Laser Power 5
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SUMMARY AND CONCLUSIONS

NASA's In-Space Research, Technology, and Engineering (lIT&E) Workshop

brought together representativesof the universitycommunity, privatesector,and

government agencies to dhcuss future needs for in=space experiments in support of

space technology development and the derivativerequirements l'orspace stationfacilities

to support in-space RT&E.

The workshop provided an excellent forum for establishing an interactive process

t'or building a national in=space experiments program. It enabled NASA to present to

the user community (university and private sector) experiment concepts for NASA's

technology development activities in support of future space missions. The meetings als0

began a process by which industry and university researchers will be able to bring their

own TDM requirements to NASA's planning process.

This conference reached three primary goals: first" it expanded and validated

NASA's in=space experiment theme areas, including Space Structure (Dynamics and

Control), Space Environmental Effects, Fluids Management, Energy Systems and

Thermal Management, Automation and Robotics, Information Systems and In-Space

Operations; second, it began the development of a user community network which will

interface with NASA throughout the lifetime of the in-space experiment program; and

third, it formed the basis for the establishment of on=going working groups which will

continue to interest and coordinate requirements for in=space RT&E activities.

As an adjunct to the conference, NASA/OAST announced plans to initiate a

long-term program to encourage and support industry and university experiments.

NASA's modest investment in this program is initially targeted for generating experiment



ideas and concepts. It is anticipated that this base of concepts will lead to cooperatively

funded experiments between NASA, industry, and academia and thereby, begin to build

an active in-space RT&E program.

Several key points emerged from this conference regarding the adequacy of the

TDM data base that should be addressed in future planning activities. First, many of

the experiments could be performed on the ground, i.e., they do not justify a space

experiment. Secondly, many of the experiments address near-term or current

applications and do not take into account advanced system requirements. The TDM data

base must look beyond extensions of current programs to reflect future needs and trends

to have an effective and useful impact on space station planning and design. This will

require increased input from industry and university researchers and engineers.

In order to address these concerns, it is imperative that a long-range planning

view be taken in which industry and university researchers help NASA derive the

technology development program. The following recommendations have been developed

on the basis of the workshop:

1. Development of an on--going RT&E university and industry advisory group;

2. Continuation of in-space RT&E symposia to act both as outreach mechanisms

and as working sessions to refine the TDM data base;

3. Development of an RT&E information clearinghouse;

4. Development and continuation of the new experiments outreach activity

announced at the RT&E workshop;

5. Development of an "impacts assessment group" which will focus its energy on

identifying experiment accommodation requirements to impact the design of

in-space facilities, i.e., space station and others.



If carried out, these recommendatiOns constitute movement toward development

of an effective NASA/industry/university partnership in a National In-Space RT&E

Program. This will also enable NASA/OAST to have an effective voice in space station

planning, which is essential toward the success of a future in-space activities. The

workshop, by promoting the process of NASA/industry/university interactions and by

pointing out concerns with the developing "rDM data base has provided an important

first step towards a successful long-term space technology development effort.
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OPENING ADDRESSES

Keynote Address

OAST Overview

Space Station

Requirements and

Configuration

Workshop Objectives

John D. Hodge

Deputy Associate Administrator

OSS, NASA Headquarters

Dr. Leonard A. Harris

Director for Space, OAST,

NASA Headquarters

Carl D. Shelley

Manager, Customer Integration

office, SSPO,

NASA Johnson Space Center

James M. Romero

Assistant Director for

Space (Space Station
Technology), OAST,

NASA Headquarters
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James M. Romero
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_DA/"I_ c'r i i i•.,, ,-,,..,.. _, R,.,CTURE
(DYNAMICS AND CONTROL)

SUMMARY
Samuel L. Venneri

The experiments presented to the panel were under five key technology areas as follows:

1. COMPONENT TECHNOLOGY

- SENSORS
- ACTUATORS

2. - CONTROL STRUCTURE INTERACTION

- CONTROL TECHNOLOGY
- STATION KEEPING
- MANEUVERS
- POINTING

3. SPACE STATION DYNAMIC CHARACTERIZATION

- DYNAMIC MODELLING

4. SPACE STATION CONSTRUCTION TECHNOLOGY

- MATERIAL BEHAVIOR
- ASSEMBLY
- DEPLOYMENT

5. - ADVANCED STRUCTURAL CONCEPTS
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To identify technology gaps in the proposed experiments, an experiment/technology

matrix was formed for all the experiments proposed. The experiment/technology

matrices plus member opinions were used to develop a list of technology gaps. The

Committee felt that validation of proposed Space Station IOC structure, including

construction techniques, utility integration, and long-term integrity was not adequately

addressed. The use of passive damping to solve Station vibration problems was lacking.

No experiments involved with in-space loads characterization for the Station were

proposed. Consideration of cost-effective hardware was not apparent in proposed

experiments. Finally, efforts on structurally embedded sensors/actuators, vibration

shape/control devices, and low-frequency isolators were inadequate.

Mass, power, and data requirements were modest. A few experiments required large

deployed volumes which the Committee felt were not being addressed by Space Station.

The larger volume experiments gave rise to consideration of what impacts structures

experiments might have-on Space Station. The Committee felt that Space Station should

accommodate the construction and structural testing of future large space systems.

Problems induced by this activity were experiment-induced vibration disturbances, large

volume envelopes in which to work, and design of an attitude control system to

accommodate structural vibration tests. The Committee also felt that the Station design

had not been adequately over-designed (scarred) to accommodate a structural

development/test facility.

Experiments were examined to indicate their appropriateness for ground, Space Shuttle

or Space Station. Originally, the panel had intended to make recommendations on

suitability of experiments for ground or flight testing; however, due to shortage of
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d.,4.1:t.,,,,...:^- .: .... A _.._...¢ evaluation--: --:- -'..... _,a,,,,. u..._ _,_u ,,,,.,, _,l ,.,,Lz, iet, the vane, was unable to perform this

task. Thus, only the sponsors' recommendations for time phasing are presented here.

It appeared that there was a strong interest in long-term durability of components.

Space Station component test facility seemed to be appropriate for such long-term

testing activities.

A

The Actively-Controlled Instrument-Support Truss is an experiment proposed by GSFC

to develop technology for platforms which have demanding precision requirements to

support multiple instruments. On the Space Station, it is likely that there will be many

Control/Structures Interactions experiments including large antennas and robotic or

articulated structures. As mentioned previously, the development and test of such

structures has significant impact on Space Station design and control.

The Space Station itself can be used as a flight experiment during IOC development and

evolution. It would be desirable to have ongoing developments of nondestructive

evaluation techniques to monitor the structural health of the Space Station. A longer

range problem that needs basic technology is fluid-structure interaction experiments.

The Station is expected to have numerous storage tanks of fluids, and the basics of

sloshing and dynamic forcing function from fluid dynamics must be understood.

As the Station is constructed, dynamic measurements of its response should be made to

confirm math models used in design. A life assessment system could also be installed

during this period. After construction, the Station also can be used as a test bed for

advanced control experiments. As the Station evolves, the growth Station dynamics can

be estimated from growth math models validated by ground tests of a growth Station
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dynamic model and by selected experiments on Station. For example, components of

growth solar dynamics rotating machinery or tank slosh baffles could be evaluated.

To determine the most practical construction technique for Space Station, experiments

are ongoing in ground-based neutral buoyancy facilities. NASA's first space

construction experiments (ACCESS/EASE) are scheduled for this year. The Committee

recommended follow-on Space Station Construction Validation Experiments to ensure

that procedures for erection, deployment, and utility integration could be validated.

Once the Station was constructed, it would be available as a construction bed on which

to assemble large antennas, platforms, and advanced orbital transfer vehicles.

The Committee felt there was a lack of advanced structural concepts for space

construction. More effort is needed on design and ground tests of advanced concepts

for making structural surfaces, elements and joints, for providing protection from debris

and for developing advanced large antennas. Once the Station is operational, it was

anticipated that numerous opportunities for making structures in-space might be

conceived.

To further encourage development, by industry, the Committee identified critical

elements for development. The list below shows sensor, actuator, and computer

technology needed for future experiments.

o High Accuracy Surface Sensor (Multi DOF)

o Real-Time Photogrametric Concept

o Mid-Range Momentum Actuators

o High Speed, High Capacity Flight Computers for CSI

o High Speed, High Capacity Data Bases
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o Multi-Body Alignment Transfer & Pointing System

o Relative Alignment Sensor

o Vibration Actuators

o Low-Frequency Actuators

o Optical/Inertial Vibration Sensors

o Low-G Accelerometer

o Low-Thruster for Reboost

Because of costs, the Committee felt that it was important to have criteria to measure

the value of conducting experiments in space versus on earth. Many of the experiments

presented at the workshop were in partial stages of development, and a framework was

needed to perform objective screening. Teaming of industry, universities, and NASA

should strengthen the creativity and cost-effectiveness of proposed experiments. Finally,

a management issue for NASA is to alleviate Shuttle and Space Station integration

overhead which is a formidable obstacle to experimenters in universities, industry, and

NASA.

NASA should establish a formal review committee for structures, dynamics and control

experiments. The committee should quantify IOC Station requirements to ensure that

future experiments can be accommodated. It should establish criteria to assist

experiment selection and prioritization, and investigate methods to simplify experiment

integration. If such a committee existed, the need for future workshops might be

questionable, and we could get on with the job of developing a set of affordable and

needed Station experiments.
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FLUID MANAGEMENT
SUMMARY

Joseph F. Slomski

Fluid management in space is required for space station, orbit maneuvering vehicles

(OMV), orbit transfer vehicles (OTV), scientific payloads, and applications and research

satellites. A wide range of fluids are used for these programs and applications; they

include cryogens, storable propellants and fluids, superfluid helium and even liquid

metals in advanced thermal applications such as solar dynamic power systems.

Orbital fluid management technology includes both fundamental fluid behavior and

processes in the low-gravity space environment and fluid management systems which

incorporate specific design features to meet on-orbit fluid handling requirements. A

very limited data base exists for fundamental fluid behavior in low-gravity. Research

areas include free surface behavior, thermal non-equilibrium processes, multi-phase

flow, bubbles/droplets/aerosols in vacuum and low-gravity, all aspects of the physics of

fluids and special instrumentation/diagnostics for understanding these phenomena. The

space station provides an excellent test bed environment for conducting basic research in

these technology areas. This data will be useful not only in assisting designers to

properly configure fluid systems for space operations but will minimize risks of costly

fluid management systems where numerous fluid management technologies are integrated

into a somewhat complex integrated system.

Technology is generally available for storable fluid management systems; current systems

are working in space, such as the Space Shuttle Orbital Maneuvering System (OMS) and

Reaction Control System (RCS) tanks, and numerous communications satellites. Storable

fluid transfer and resupply is not proven and a resupply servicer is needed in

conjunction with the IOC space station. Special hardware elements such as quantity
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gaging instrumentation, diagnostics instruments, quick disconnec_ __nd fluid coup!ings

require further development.

Much of the detailed technology is not available for cryogenic systems. Some Superfluid

helium data has been obtained on a recent Shuttle Spacelab mission, and the IRAS

mission involved the flight performance of a superfluid helium Dewar incorporating a

porous plug space vent feature. Only small, specialty systems are operational for other

cryogens, including the supercritical power/life support and instrument cooling Dewar

systems which are not applicable to the large scale required for OTVs and their

associated space depots and resupply tankers.

Experimental programs, including systems demonstrations, are needed to provide the

appropriate design data base. Scale-up of experimental results to the large space-based

systems is an important technology issue, as is long=term space operation. Safety,

reliability, and maintainability are important system life cycle cost issues which have a

limited data base for reusable system design and operations definition. The timeliness of

experimental programs in these technology areas is keyed to the IOC and growth space

station concepts and configurations; some fluid management technologies may need to be

addressed now to impact Phase C/D space station design or influence SCAR for the

growth station. Other technology investigations must be appropriately timed to support

customer utilization at the space station and on the co=orbiting platforms.
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SPACE ENVIRONMENTAL EFFECTS
SUMMARY

Michael A. Greenfield

This Panel directed itself to reviewing space environmental effects experiments

developed to increase the understanding of the service environment and interactions.

Overall, the experiments that were presented fell into three major categories. The first

were those experiments directed to the development of a space environmental database,

taking into account synergistic and multi-parameter effects that cannot be simulated on

the ground. The second broad area included those experiments that would allow for

validation of ground-based developed models. Only through confidence in these

ground-based models can accelerated-life predictions of material response be made

accurately. The last area were a group of experiments directed toward exploiting

beneficial effects of the space environment such as atomic oxygen cleaning, magnetic

altitude control, material modification, etc.

The 26 presented experiments fell into two main areas: those related to environmental

definition and those related to the interactive effect of the environment on either the

surfaces or bulk properties of materials. The Panel attempted, during this preliminary

review of the experiments, to define overlapping technology issues, some measure of cost

benefit and time sequencing. It was clear that, in order to maximize the experiment's

utility, it was necessary to evaluate experiments as to those that were providing

benchmark data; those that would provide an on-going update of the database needed

for design; and those that provided mechanistic understandings that would allow for

more meaningful ground test and ground test validations. There appeared to be in the

group of experiments reviewed a commonality of instrumentation needs. Furthermore, it

is felt that not all of the presented experiments actually required in-space Space Station
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evaluation. Opportunities for either ground test, orbiter flight or free flyers were also

evaluated.

It was felt that in order to provide the opportunity for more meaningful environmental-

effect experiments on Space Station, certain accommodations would be necessary.

Although the needs for power utilities, data collection and transmission lines were not

considered to be show-stoppers, there was a need for placement on the Station in areas

that were well defined so that experiments could be evaluated as for space environmental

effects only and not produce misleading data from contamination. The Panel, working

with the audience which was composed of about 50% industry and university people and

50% NASA people, attempted to define what were reasonable short-term achievable

goals. It was felt that among these were the ability to characterize the Station

environment, develop a common cost-effective instrumentation pool that all

experimenters might use and, at least, initially predict material and component

performance for the generation of some preliminary engineering data. In the longer

term, it was felt that design enhancements for growth Station could be developed; the

role of the space environment as a beneficial environment for exploitation could be

evaluated; and improvements in the long-term reliability of components could be

achieved.

175



a
z

>.-

LU
0

n
09

I

Z
m

Z
LU

Eli

176



...I

l-
Z
W
=El

I

I

I

I.I.

>-

01

IJJ
or)
<C
m

<C
!--
<Z

(._
Z )"..- 0

U)
..J
Ill
0
0
:S
(D

Z
UJ
:S

IJJ

X
IJJ

rll

0 o
I.IJ n-
14. 01"
I.I.. ZZ

I

_ w
I--Z w

<
I-- n-

,<
,,, a.. r,

X
0 _o LU

:Sn" (D
<

>', _- z m

zUJ 0 0
"" _

-J LILi
•"; o:s_
O= zmU'u.

•I-0 0
I_. Oz>.

w<<
i.- =_ 11"

£1
_: (:3<_,
LU z <
z ___

u..j Z

0 w
LU <I: X --
C:I ' ' > 14.1 ' ' ' l::l ' ' '

0 0 0 0

177



ca
i--
o
i.u
EL
LI..
ILl

Z 0 :i ¢.'3
Z_ n- (no-, =- _o o
_E_ = o

_= . °_=; = ,_
'_ ¢,.'3-_ _0 .., w

w =. n._, =_ _ 0
<: _z _ o o .8 " =

(:_ (t) , , m , ,

I-
Z
ut

Z
0

m

Z
Ill

.,.I a
Z ,4: ud
0 _ 0

v- v- .¢:
z <
,,i- z znUmB

W
#'t . •

178



_1

,o

,o m

179



zl
OI
m

!--
mini

m

1.1.
LIJ'

LU

m

LIJ

X
LIJ

Ol

Ol

0

0

ILl

m

_=
0
0
ml
0
Z
-t-
O
!11
I-

0
Z
m

<
__1
rr'
i11

0

Ill
Z
m

IL
I11

0

I-ra
==i
m

I-

0
Z
m

r_
I11
HI
Z
m

0
Z
i11

m

J
<
Z
<

Eiimm

IJ.
uJ
Z
uJ
rn

i-
U)
0
0

o

0

0
Z
LU
::)
0
LU
U)

0

180

F-
ro
Z

0
0

rr'
ILl

_D

0
I-

Z
0
m

i-ra
(/)
Z
.<
OC
I-

0



I-ra
_J
m

(3
<
LI.

Z

Z .<
,<

_ ZZ

i-__1

0 0 0 0 0

181



0
m

f.-
<{
I--

LU

rr"

(/)

mmm

11
0

>.

mllml

_J
<{
Z
0

c/)
LU
m

fr-
O

!11
p.
.<
0

.J

.<
b-
Z
i!1
=!
m

rr"
!11
12.
X
iii

(n
I-
0
W
IJ.
I.I.
W

..J
,<
Z
i'!-
!11
I-
Z
m

;[
0
i'-
,<

._1
<
;=
rr
W
I-
X
111

r_
..I W
<{ 0

Z
1,1 Z
=S --
Z
0
rr ...I

<
Z rr"
I11 :D

I.-"
<
Z

LU

==8
U)
;[
m

X X X X X X

X X X X X X

X

X

W

<

a=

O*J

0

X X

X X

l,IJ
m

I==

tmJ

0
K_

_I
,<

z c,)
w o _.
o < _ <
,< _1 <

..I "=: ILl
U) I1. IZ: :S

X

X

Z
0
m

i-..
m

(D
m

:D
0
(J
<

,<
I--
,<

188



I

mini
Q=
X

0 0 0 0 0 0 0 0 0 0 0 0

m
Z "J

m I_1

0 U.

Z
o
m

I-

W I-

0

L
C_

183



184



-I
0
0
O.

Z

0 m
m

i
< w 0 _."- 0 I-- C_<I.!- _ z

w Is
I-- _. I-- I.M
0 0 (.,1 u.I
n,. w a --Z
'< > m (_
-r w I_ z

| i I i

I--

IZ
0
-r

IE
re
Ill
I"

n"
LIJ

Z
0
_!

•1= __1 __1
Z --I _1

Z -- _ Z
u. 0 __.
UJ n- ;[

I_1 m 0
12 m =E-- 0

O l O I

185



UJ

l--
X
LIJ
Z

LI.I

l-
..r.
¢D
m

Z Ir
,_ uJ

uJ 0 =E

z_ z < ..,
0 LuU.l -- (.5

o _. n- 0
-- <I: < IZ::
::3 UJ Z >.

Z Ir _ l--Z
UJZ '< 0 uJ
fro -I- 0 - =E
_ o 0 m m
_ w X

D-- <_ Z D :3
13:0 0 Z UJ 0 C_
v-_ 0 0 =E =: z
on.- > p _: ,3 -

_<=. ,', < ,,, o.< =S a. z z
UJ

a: xO r'. =S
C_O m 0 LU rr UJ

U.
II u- '_ Z Z 0 ....I
O_ 0 - < _= a.=S
_-uJ uJ uJ 2: 2: --

0 mu.i m u.i
O=E (:3 u. m_ u4 (:3

0 0 0 0 0 0

186



n
/_

<[

0
0 O_
-J 0
0
Z O0

0 n-
wo

©
0 Z

--

W W
O0 W
W Z

Z
W W
0
<
n
O0

I
Z

--, , ]

W

Z i!_,

W

W
©

n_
w w

187



r_

!! ooo o

o
Z _

188



ENERGY SYSTEMS AND THERMAL MANAGEMENT

Summary

Earl VanLandingham

To date, the largest space power systems in use have been in the

range of 10 kilowatts. Technology is now being developed for the

I.O.C. space station at 75 KW, with growth versions being planned at 300

KW and higher. In D.O.D., spacecraft requiring power levels above a MW

are being considered. This move to vastly increase power levels has

resulted in a technology need for power systems capable of efficiently

producing these high power levels with long life and low cost. Solar

dynamic and nuclear power systems offer promise to initially meet these

increased power requirements. In the longer term, innovative

technologies such as laser power transmission may enhance the ability to

provide substantial power. With the higher power levels, and the advent

of extended space science missions and space manufacturing comes the

requirement to both use and reject heat in quantities that are orders of

magnitude higher than that of present systems. Many of the new designs

being considered and the long term nature of the energy and thermal

systems raise the question of the need for in-space experiments.

The Energy Systems and Thermal Management Panel reviewed the

proposed experiments. Recognizing that most of the experiments were at

the ideal level and minimal technical detail was available, the

following general observations were made: much of the proposed

experimental effort could be conducted on the ground; many of the

proposed experiments were more appropriate for shuttle flights; some

experiments because of size or other factors such as safety could not

reasonably be conducted on the shuttle or station. In the opinion of

the committee, the flight experiments fell into four categories.

(1) Confidence - generally system level tests.

(2) Unique Technology Issues - component level tests to answer a

question of how a particular subsystem might operate in zero g.
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(3) Development of Fundamental Understanding - Laboratory-type

experiments to establish fundamental data needed design or perhaps more

likely optimize the design of space power systems. An example of this

is the cyclic heat transfer characteristics of two phase materials

(particularly solid/liquid) in zero g.

(4) Long-Term Exposure - Atomic Oxygen, Space Plasma, etc.

The panel suggested that consideration be given to the development

of a space station based general purpose power/thermal test facility,

that would provide power, heat source, instrumentations and controls,

data storage, etc. and the characteristics of which would be both known

to and suitable for use by the power community. Experiments to address

confidence, and unique technology issues need to be further defined and

addressed on a case by case basis.

In addition to defining a need for a general purpose test facility,

the panel recommended that greater participation by industry,

universities and DOD in the definition of experiments is needed. Also,

consideration should be given to combining experiments across themes and

finally the space station should be instrumented for data purposes.
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INFORMATION SYSTEMS
SUMMARY

Bruce A. Conway

The Information Systems theme subpanel was established as a separate part of Panel 5A

of the In-Space Operations Theme, in order to l) provide for additional consideration

and emphasis of the information systems areas of sensors, computers/data systems, and

communications, and 2) conduct an in-depth review of automation and robotics.

Inputs in the form of reports and oral briefings on 16 technology development

experiments pertinent to this theme were reviewed and assessed. The panel then defined

a set of objectives for the theme area. In setting forth a set of objectives/capabilities

needed to permit technology validation (for in-space application) in the three disciplines

of information systems, several gaps in requirements and proposed thrusts were

identified. These omissions/gaps were identified by examining OAST's "National

Missions for Technology Focus" (supplemented by DoD, commercialization, and

international considerations) and projecting a time-ordered series of required capabilities

in information systems for various missions. In several cases, particularly in the

computer/data systems discipline, no space station-related missions proposed would

achieve these required capabilities. Also, some capabilities had not been identified and

were only defined after examination of the major mission drivers. The rationale for in-

space technology development and verification was discussed and summarized by the

panel, and an "accommodations impact" on the space station through the information

systems technology capability development was assessed. In the station accommodation

assessment, three issues were raised for consideration by space station configuration and

systems planners. Finally, recommendations for space station and technology

development mission implementation were developed, based on the desired technology
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capabilities, experiments/missions already proposed, and perceived gaps in the

capability/experiment definitions.

Primary objectives defined by the panel, which applied to the three disciplines are 1) to

develop/evolve/enable new sensing, data, and communications options, and 2) to enable

the in-space characterization, qualification, and optimization of information systems

elements. Technology issues or gaps include the lack of clear user identification of data

capacities (rates and storage requirements) and the uncertainty in needs for spacecraft

environment sensing. In addition, input identifying DoD, other NASA, and commercial

activities or potential involvements was also lacking.

The rationale for developing and verifying through in-space experiments, the technology

capabilities necessary in information systems includes the long duration exposure of

electronic systems in the unique radiation environment (of significance to the substantial

electronics portion of the information systems), and zero-gravity effects (of major

concern in the utilization of large antenna structures in communications and microwave

remote sensing applications). Also, the panel noted the lack of advocacy to test

electronic systems in space prior to operational usage. They stated that credibility of in-

space demonstrations is crucial to technology acceptance by potential users/appliers.

In developing technology capability objectives and assessing their achievement through

in-space research, technology and engineering, three in-space station accommodation

issues related to the information systems technology areas were raised: 1) a need to

extend the OMV's capabilities; 2) the requirement to have separate, dedicated technology

facility modules; and 3) the need for identifying and reserving dedicated experiment

locations on the space station structure. Other accommodation impacts were identified,
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but are expected to prove tractable. The accommodation issues led to recommendations

for consideration by space station configuration and systems planners:

1. Extend OMV capabilities (range, formation-flying, enhanced technology

support equipment attached to OMV).

2. Provide major dedicated technology laboratory facilities (including work

stations, specialized equipment and instrumentation).

3. Provide multipurpose technology test sites onboard the station (considering

exposure, field-of-view, data links, swept volume, isolation, and growth

compatibility).

Recommendations related to the pursuance of technology development missions are as

follows:

I. Define "missing" technology missions (including in-space electronics

qualification and high capacity data storage/high data rate systems).

2. Review mission timing and applications, on a periodic basis, with projected

science, applications, and commercial users.

In summary, in=space research, technology, and engineering appears to be a necessary

ingredient in developing advanced capabilities which permit the full utilization of space.
/

This in=space R, T & E is the only mechanism for information systems electronics and

large antenna technologies to be effectively developed and verified. Finally, the

development of the manned space station provides a unique capability and opportunity

to effectively pursue the achievement of the enhanced capabilities required in improved

information systems and their applications.

202



a
z
,,¢

>:
Co
0
._I

0
Z
-r"
0
LU
h-

0
rr

LU
oo
LU
rr
LU
0

0_
oo

!

Z

n

0
-r"
CO

n-
O

Co
Z
l

rr
LU
LU
Z
1

(D
Z
LU

Z
0
1

l-

n-
O
1.1=
Z
1

Ill
i-

,¢
1

Z
1

1

1

m 14.1
m

=E 0
,_ I-

._= 0

203



0
/

I-

n-
0
I.I.
Z
/

U)
Z
0
I

U)
U)
1

U)
rr
LU
>
I

rr

Z
0

U) U)
uJ uJ (/)
• I-.- --
-- <1: =i
I-.-
0 n-I

LU _ 0
-,,m z ,-m
m < ,<
0 o

s_
LIJ
I--
t_

n-
O
(/)
Z
uJ
(n

U)
=S
u.!
l--

U) (n
>.

=S u)
uJ
_" Z

re 0
LIJ i
I-'- Z
::) =)
0. =S
=S =S
0 0
0 0

I I I

(.1
<
a.
=S

Z
0
I

I-
<C
r_
0
=E
=S
0
0
0
<

;[
0

<
F--
(/)

U)
UJ

U)
U)
I

U)
Z

z 0
I

0 _..
I

e_ Z
0 m

0 0
0 0
0 m

0 0 0 0 0 0

204



rr W

: U "C U)

o __

_>U)

- ,,= _, _ _o

o _N

ww 0.(1
,,, 0 0
CO o o U o o o U o o

205



Z

0
U)
Z
LU
U)

I

0 0 0 0 0

206



G "' --,>
o,< _ ,,=,o,,:, ,,+',

< _ '="+..,

_ __ < 0 9 <_• _<_< _ca

<_ <_ _<__ o _,

°+' +-+.+i ,++-+o,+++ o ,,+,,,+,<o+,+,+.+++++..

_._ ____-_ _ o
I,,oz .,..o ,_>_ _-__ ,9,

r:_._ ,,=,,- m,,=, ...,o ,,=,,,_,,=,<, ..,o ,+, + <+ +

X X X

I- I- I-

I 1 I 1 I I l

X X X X X X X

I-- I== I-- _ I== I-"

207



z

208



> >

O0_OW °_,_°_o z _,zt_ .j -J

O_
_E
LU
F-
CO
>-
O_

Z
0

I%:
0
U.
Z
B

Z09



>_

0
0 r_.. +

>

W>-

oo _,

0
0 _

+

o o

210



o

<

0
m
I-

o
U)

-I m U_
,_ m m

W W

I-,- I-- I--

O'J
m

0
.1

Q
m
I-

II1

_J

Z
0
m

I-

_1
<

W

m

m

>_ _ _ o o
o_ o

+ o 0

211



o _° o_ o_ _ o o_ '_ _ "-+

212



_z

n-
O

Z
14.1

o_

_ _I o

_ o

_r_l-X
' ' _laJ 0

0 0 0

...I

o o

0,_
_-z

_ o
_=z z

=_ _ o_0 W ,._

14.11--

o_ _o _o

oo

_ _>_-_I__.-I..

ww _rr mO

_" >_ "0
-_-_ ,,,01 0_-

0 0 0

213



O

CO

iii
IIi
Z

rr'
Ill

0 0 0 0 0 0 0

214



m

Ol

Ol

Ol

14.1

Z
,=I:
n,.,

=E
0

Z
l.U
I-
X
14.1

0
I--

LIJ
14,1
Z

14,1

=3

14J
IZ:
A

¢/)
V

144
==I

0
=E

I-
i===

_l
m

0
,¢
I,I=

>..
¢3
0
_l

0
Z
-I"
(3
14.1
l--

n-
O

,¢
=E

14.1

Ill
14,1

0
m

I-
,¢
0
0
-I

l.-
Z
14.1
X

14.1

X
14.1

14,1
I--

0

14.1
0

0 0 0

215



o o o

216



217



0

I-

o 0

218



<

/

219

6.0



r_

0

Z (/) u_
O

0 _ "O
W 0 ,

m o
W m _

W --

Z
W W
0

220



AUTOMATION AND ROBOTICS
SUMMARY

Lee Holcomb

The Automation andRobotics panel recommended an evolutionary set of in-space

robotic capabilities be developed starting with rendezvous and docking (1988), simple

satellite servicing (1990), structural assembly (1992), and robotic assistants for IVA

(1996), and EVA (2000) operations. During this time frame the nature of robotic

capability will evolve from telepresense to supervisory control and ultimately to

autonomous operations. The panel felt that in-space related experiments were essential;

however, they felt most AI-based systems autonomy capabilities could be demonstrated

on the ground.

In-space robotic experiments are needed to evaluate our analytical predictions of zero-G

dynamics of mechanical equipment. The result of in-space experimentation would be a

design/operational database on telerobotic capability. Experimentation would provided

evaluation of the man/machine performance on-orbit and validation of protoflight

hardware/software.

A series of experiments were proposed dealing with mobility, dextrous manipulation,

supervised/autonomous operation, and evaluation of the man/machine interface. A

potential list of experiments was recommended. The attached briefing package lists the

experiments proposed and the critical technologies to be evaluated.

A number of accommodation issues were raised. The first and most pressing is the

development of "robot friendly" interface for servicing, assembly, and docking. In

addition, a "standard" set of utilities need to be defined for interface to mobility systems

(RMS, MRMS, OMV, OTV, etc.). A key accommodation issues are the safety

constraints for in-space robotic experiments will press beyond current plans for onboard

computing and data storage capabilities.
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IN-SPACE OPERATIONS
SUMMARY

Harold Compton

The In-Space Operations panel was chartered to receive and evaluate TDM proposals in

the five areas of:

Advanced Life Support Systems (ALSS

Tethers

Orbital Transfer Vehicles (OTV)

Systems Testing

Propulsion

The panel received twenty-four proposals and, in order to accommodate proposals that

did not clearly fit into one of the above areas, the theme areas were expanded to eight

to include maintenance and repair, bioresearch, and materials processing. In keeping

with the workshop objective, the proposals were categorized as to research, technology,

or engineering. Three of the proposals, one in bioresearch and two in materials

processing, were considered science and applications, and two were considered

inappropriate as TDMs.

The proposals addressed significantly more than the IOC space station. Their

requirements for in-space measurements/capability included shuttle and/or free flyers

tended by shuttle, build-up or man-tended space station, IOC space station, and growth

space station and beyond. Thus the proposals were prioritized as follows:

1 Needed for space station phase C/D

- Precursor shuttle TDM
233



2 Needed prior to IOC station

- Needed prior to IOC station

- Check-out and build-up phase TDM

3 Needed for growth station and beyond

- Post IOC TDM

4 Enhances operations or capabilities

A. Station

B. Other than station

and annotated according to in-space requirements. It should be noted that some of the

proposals required multiple in-space capability, i.e., were shuttle and space station

applicable.

In the evaluation of the TDM proposals, the panel noted a common thread, the

requirement for a separate and unique research facility, throughout the presentations.

These requirements included a propulsion, biomedical research, variable gravity, human

research, and space test and evaluation facility. The panel also noted the lack of

advanced closed loop environmental life support system (CLESS) TDMs and suggested

that such proposals be solicited. The biomedical research TDMs had little in common

with in-space operations.

The panel determined that the proposed TDMs have the potential for significant impacts

on the space station. Some of the proposals such as the propulsion facility would in

themselves produce a contaminated environment. The requirement for a micro or near
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zerogravity facility might necessitate a free flyer possibly tethered to the station. Large

total in-space mass requirements, 40,764 KG alone in 1993, and large power

requirements, as much as 35KW for a single experiment, were proposed for the station.

Extra vehicular activity (EVA) was found to be modest, but inter-vehicular activity

(IVA) was significant, six man years in 1992 alone. Significant scarring of the IOC

station will likely be required for OMV and OTV servicing and payload mating facilities.

The panel recommended continuing workshop activity for the advocacy and development

of appropriate in-space RT&E TDMs. Perhaps one workshop per year would be

sufficient. In any case, the workshop management should emphasize and better define
• f

for potential experimenters the TDM concept and the potential RT&E facilities.

Advocacy for more DoD involvement should be developed, and a clearing-house activity

should be instituted for integrating and coordinating the TDMs. The panel also

recommends RT&E experiments advisory committee, co-chaired by OAST and OSS, with

representation from DOD, DOE, DOT, SDIO, ACADEMIA, and INDUSTRY. Finally,

the panel recommend publication of workshop proceedings or summaries.
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